Aim: Poorly conducted economic evaluations have the potential to mislead both clinicians, leading to inappropriate treatment choices, and payers who must decide on the reimbursement of treatment costs. This paper reviews the methods used in economic evaluations in haemophilia and proposes standards for conducting and reporting such evaluations in the future. Methods: A systematic review of economic evaluations in haemophilia published since 2008 was conducted. The reporting and methods of the studies were assessed using the recently published Consolidated Health Economic Evaluation Reporting Guidelines (CHEERS) checklist. The key methodological deficiencies in the studies were recorded. Results: Twenty-one studies met the inclusion criteria, classified as follows: prophylaxis vs. treatment on-demand (five studies); use of bypassing therapy (six); immune tolerance induction (four); and other topics (six). In general, the quality of reporting was good. However, it was poorest for the CHEERS item of patient heterogeneity, with most studies lacking discussion of heterogeneity in the patient population. The main recurring methodological deficiencies were the evaluation of single episodes of care rather than entire treatment strategies; inadequate control for confounders when comparing treatment options; the frequent use of expert opinion to determine drug doses and treatment patterns; lack of consideration of patient heterogeneity; failure to identify patient subgroups; and the inadequate exploration of uncertainty in estimates. Conclusions: A set of 12 standards for future reporting and conduct of economic evaluations within haemophilia is proposed, with the objective of making such evaluations more relevant and reliable for those making treatment and reimbursement decisions in the future.
Introduction
Treatment decisions remain the sole responsibility of clinicians, yet increasing pressures on healthcare resources have a direct impact on healthcare funders and clinicians. Patients may also be concerned about treatment costs if they face substantial user charges. Hence, clinicians are increasingly requested to consider the cost/benefit ratios of different therapies.
Studies assessing the costs and consequences of healthcare treatments and programmes are known as economic evaluations [1] , and a substantial body of empirical economic studies now cover all branches of healthcare [2] . For these studies to be helpful to clinicians and patients, they must be both relevant (i.e. address appropriate treatment choices) and reliable (i.e. have a sound methodology). Comprehensive and transparent reporting is particularly important to assess whether a given study is methodologically sound.
Several systematic reviews have indicated that economic evaluations in haemophilia often have substantial methodological deficiencies. In a systematic review of 12 studies on bypassing agents (used to treat haemophilia with inhibitors), the authors concluded that economic models based on different sources of data produced fairly similar and robust results, but ideally a systematic approach should be used to identify the relevant data [3] . In another review of 11 studies of bypassing agents, Hay and Zhou concluded that crucial assumptions about treatment efficacy and dosing drove the reported findings. Further, eight of nine companysponsored studies favoured the company's product; the two existing head-to-head clinical studies did not support superior efficacy for either product [4] .
In a review of 11 prophylaxis studies, the authors observed that reported cost-effectiveness ratios for prophylaxis varied greatly [5] . They ranged from dominance over on-demand treatment (i.e. superior efficacy and lower cost) to over €1 million per additional quality-adjusted life-year (QALY) gained if prophylaxis replaces on-demand treatment after a bleed [5] . The conclusion was that the studies exhibited considerable methodological differences and that it would be preferable if analysts adhered to established conventions when conducting and reporting economic evaluations. Finally, in a literature review on prophylaxis vs. on-demand treatment, using strict inclusion/exclusion criteria (only five studies were reviewed), authors concluded that further economic evaluations are required, reflecting the clinical reality and consumption of resources in each country [6] .
Poorly conducted economic evaluations have the potential to mislead clinicians and lead to inappropriate treatment choices. Recently, the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) became available [7] . CHEERS, comprising a 24-item checklist focusing on the quality of reporting, was developed using CONSORT methodology [8] and is endorsed by several health services research journals. The CHEERS guidelines build on the earlier Drummond et al. [9] checklist used in three of the four reviews cited above, therefore representing an improved assessment tool.
The reporting items in the CHEERS checklist reflect the key methodological features of economic evaluation (Table 1) , including study objectives, patient population, compared treatment alternatives, relative effectiveness of different treatments, associated resource consumption and relative treatment costs. The checklist also covers details of the methodology employed, such as the time horizon considered, discounting of future costs and benefits, characterization of uncertainty in parameter estimates and consideration of patient population heterogeneity due, for example, to different disease severities. Furthermore, the checklist distinguishes between economic evaluations conducted alongside an individual clinical study (e.g. randomized controlled trial [RCT] ) and evaluations conducted using a decision-analytic model, where data from a variety of sources are synthesized and analysed. This paper aims to (i) use CHEERS to assess the quality of reporting in more recent economic evaluations in haemophilia; (ii) describe common methodological deficiencies in greater detail; and (iii) propose standards for conducting and reporting future economic evaluations. It is hoped that the use of these standards will make economic evaluations more helpful to clinicians when making treatment choices, and to payers making reimbursement decisions.
Methods
We conducted a systematic review of economic evaluations in haemophilia, identifying all studies published since 2008. This covered all studies other than those included in the early review by Knight et al. [3] and focused on more recent practices in economic evaluation. Electronic databases (MEDLINE and Embase) were searched on 25 November 2015. The search terms and PRISMA diagram are shown in Appendix S1 (available online). All identified hits were captured and duplicates were removed. Titles and abstracts were screened to determine whether full-text articles should be retrieved and reviewed for eligibility. Eligibility criteria included disease area (haemophilia, all types), patient group (human, adults and children), language (English), year of publication (2008 and later) and document type (journal article). Reasons for excluding articles were recorded. Conference abstracts were excluded as these provide insufficient detail to judge the reporting quality of studies.
Identified studies were assessed by two reviewers (NH and MD) using the CHEERS checklist. Any differences of opinion were resolved between the two reviewers to obtain a summary of reporting standards of the included studies.
Results
Twenty-one economic evaluations met our inclusion criteria and were grouped under the following topics: prophylaxis vs. treatment on-demand (five studies) [10] [11] [12] [13] [14] ; bypassing therapy use (six studies) [15] [16] [17] [18] [19] [20] ; immune tolerance induction (four studies) [21] [22] [23] [24] ; and other topics within haemophilia (six studies) [25] [26] [27] [28] [29] [30] . Details of the CHEERS assessments for the 15 studies discussing the three main topics are given in Appendix S2 (available online) and described below. The remaining six studies on 'other topics' were not assessed by CHEERS but are discussed briefly below.
Quality of reporting
The CHEERS assessment results are summarized in Table 2 . Overall, the quality of reporting was good. The majority of studies (12) used a decision-analytic model and three were conducted alongside a single clinical study, although none of these were RCTs. Reporting quality was poorest for patient heterogeneity: few studies discussed the importance of patient characteristics or defining subgroups. The procedure for discounting future costs and benefits was inadequately reported in 10/15 studies, although some were based on a time horizon of <1 year and discounting would therefore not be relevant. In seven studies with a time horizon of >1 year, the reporting standard was not met in four. In decision-analytic modelling studies, characterization of uncertainty is particularly important; although this was done in the majority of modelling studies, the ranges of the parameter estimates used in the sensitivity analyses were not always adequately reported and a probabilistic sensitivity analysis was not always conducted. An example of a study following the correct approach is that by Earnshaw et al. [24] . Finally, although the treatments being compared were almost always reported, the reasons for choosing the comparator treatment were rarely given. The CHEERS guidelines state that the choice of comparators should always be justified. Based on the reporting of the studies, identified methodological weaknesses are discussed for the three main groups of studies below.
Prophylaxis vs. treatment on-demand
In the review of economic evaluations of prophylaxis, key reasons identified for result variability included different definitions of 'prophylaxis', differences in the choice of time horizon, estimates of treatment effect, clotting factor unit cost and discount rates [5] . As four of the five studies [10] [11] [12] [13] [14] in the current review included the most recent studies in the Miners review [5] , plus one more recent study, many of the same issues arise.
Most authors studied primary prophylaxis vs. ondemand treatment, although one study reported secondary prophylaxis. The quality of reporting varied, but it was clear that the prophylactic regimen details differed from one another. However, not all authors specified when prophylaxis was initiated, the duration and frequency of infusions, or whether there was dose escalation or change in regimen with increasing patient age. Given that the costs of clotting factor represent a large percentage of total treatment costs, it is important that the dosage and unit cost are clearly reported.
For published economic evaluations, the convention is to report the official list prices of drugs and the average unit cost estimates for other resource items (e.g. cost of a hospital episode). These prices have the advantage of being publicly available and verifiable. However, prices can vary across healthcare institutions in a given jurisdiction and across healthcare systems within or between countries. Therefore, it is important that the published study users check whether the prices used apply in their institution, and that they explore what implications any price differences might have for the results. It is therefore helpful if analysts report a sensitivity analysis, in which the values for the key parameters, such as unit costs, are changed in order to assess their impact on the overall study results.
In the earlier review, it was noted that the differing time horizons between studies could have a major impact on study results [5] . As lifetime therapy is needed for haemophilia, a lifelong time horizon should ideally be used to cover the costs of treating adults with clotting factor, averted surgical costs and the longer term benefits of preventing bleeds. A lack of long-term clinical data is often used to justify shorter time horizons, since extrapolation of data to the longer time period required would introduce uncertainty into the estimates. Normally, economic evaluations use long-term observational studies, such as case series and registries [1] , to inform this extrapolation, but this approach is not typically used in the haemophilia literature.
All of the studies on prophylaxis vs. on-demand treatment discounted future costs and benefits, as commonly recommended [1] . The discount rates used varied between studies, often according to local methods guidelines relevant to where the study was conducted, but were in the range of 3-6% per annum. Discounting reduces the quantitative importance of costs and benefits occurring in the future, and therefore also reduces some of the uncertainty introduced by extrapolation. As patient quality of life (QoL) would be expected to differ between similar patients treated with primary prophylaxis vs. on-demand treatment, this is likely to be an important factor in economic evaluations for haemophilia. Such pure comparisons are rarely done in trials, and secondary prophylaxis carries with it reasons for initiation including frequent bleeding, pain and functional impairment that suggest at least adults on prophylaxis are likely to have worse initial healthrelated QoL. In economic evaluations, QoL is normally reflected in the utility value applied to calculate the QALYs gained. Many of the reviewed studies followed this approach, but most used utility values from the existing literature, sometimes estimates from a different country. If the study result is not very sensitive to the utility values used, this may suffice. However, consideration should be given to collecting utility data in future clinical studies, using a widely used generic instrument such as EQ-5D. In addition, consideration should be given to developing algorithms to map from any descriptive QoL data typically collected in clinical studies in haemophilia, in order to derive QALY estimates.
Although most of the studies were concerned with the treatment of people with 'severe' haemophilia with or without inhibitors, there was very little discussion of patient population heterogeneity (e.g. in disease severity), or whether this would affect treatment effectiveness or cost. Finally, most studies focused on costs borne by the healthcare system, probably because concerns about healthcare costs are often the motivation for conducting such economic evaluations. However, one might expect that prophylaxis and on-demand treatment have different impacts on the patient's family or their activities in school or work. These impacts would be worth exploring further, especially given the difference in cost between the two regimens.
Use of bypassing therapy
All six studies reviewed [15] [16] [17] [18] [19] [20] examined the comparative cost or cost-effectiveness of the two available bypassing agents, recombinant activated factor VII (rFVIIa) and plasma-derived activated prothrombin complex concentrate (pd-aPCC). One of the main weaknesses in these published economic evaluations stems from the lack of adequate comparative clinical trials. Only two small head-to-head trials have been conducted, with contradictory results [31, 32] . As a result, the published economic studies rely mainly on observational data, from either small single-arm studies or clinical series, with or without attempts to address potential confounders. The extensive use of single-arm studies is problematic, as is the selective use of data from small studies, or comparisons of small prospective studies with real world data that include combinations of regimens (e.g. on-demand with posthaemostatic prophylaxis) [33] . One approach to overcoming these problems is to assume equivalent efficacy of the two therapies [17] , reducing the economic study to a cost-minimization analysis. However, this approach would be overly simplistic if there were important differences between the therapies.
An alternative approach is to produce a summary estimate of relative clinical effect by undertaking a meta-analysis, including the single-arm observational studies [34] . A major issue in summarizing data from such studies is controlling for potential sources of confounding. Treur et al. attempted this by performing a Bayesian meta-regression [35] .
In addition, there is uncertainty concerning the equivalence of the doses of the two therapies, either Conflicts of interest 12 3 because of variations in patient weight or the number of infusions of rFVIIa and pd-aPCC required to achieve haemostasis, the type or severity of bleeds treated, or differences in the type of data cited (real world compared with clinical trial). In their sensitivity analysis, Hay and Zhou highlight that pd-aPCC would not be the lower cost therapy if the rFVIIa dose was assumed to be two infusions per line or episode of therapy, rather than three (as in their base-case analysis) [17] . Furthermore, some studies consider the comparative costs of treating a single bleed, but those considering multiple treatment events have to estimate the probability of treatment switching or augmentation. Many of the studies use estimates from either the literature or expert opinion without providing details of the search methods used or justifying why those particular sources are the most appropriate. This is potentially problematic given that the results of studies are often very sensitive to these parameters. Ideally, these issues could be resolved by conducting a long-term clinical trial in which patients are randomized to first-line treatment with one of the bypassing agents, with subsequent treatments being determined by physicians as they would in normal clinical practice. One could then observe a series of treatment decisions over time for equivalent patients who differ only in the initial random assignment of therapy. However, RCTs can be difficult to conduct and analyse, although they have formed the basis for cost-effectiveness assessments in other therapeutic areas [36, 37] . Given the small percentage of haemophilia patients developing inhibitors, such a trial is unlikely to be feasible. Therefore, the very small sample sizes available in the inhibitor segment increase the risk of selection bias when performing evaluations. Transparency thus becomes especially important when reporting results and stating conclusions.
If a RCT cannot be conducted, a second-best approach is to establish a registry of patients who are treated with differing bypassing agents and then analyse the data, adjusting for known and unknown confounders. The main problems here lie in having enough data on possible confounders to make the adjustments, through either multivariable regression or propensity scoring, and in needing an approach to deal with unknown confounders. The approach favoured in many economic analyses is to use an instrumental variable (IV) in the regression analysis [38] . An IV is a variable that does not itself belong in the explanatory equation, but is correlated with patients' treatment allocation based on other covariates, but not correlated with treatment outcome. For example, in an evaluation of diabetes treatment, Prentice et al. used variation in physician prescribing (i.e. frequency of use of one drug vs. another) as an IV, since these prescribing variations would influence treatment while being effectively random with respect to patient risk and other potential influences on treatment outcome [39] .
However, many of the registries established in haemophilia are unable to inform estimates of relative treatment effect, since all the patients enrolled are treated with the same therapy. Although some good patient registries do exist, such as the one in the United Kingdom (www.ukhcdo.org), they often have inadequate detail to adjust for potential confounders or data on treatment patterns to facilitate an accurate costing of different treatments. The methodological and practical issues in establishing a registry that facilitates economic evaluations should be investigated. An important issue in the design of future registries and other clinical studies is the standardization of definitions for terms such as 'joint bleeds' and 'target joints', to more easily enable comparisons between studies [40] . Further, it needs to be clear whether the information captured about administration relates to bleed treatment or is being administered as posthaemostatic prophylaxis. This becomes more complicated in the situation of capturing breakthrough bleed treatment during bypassing agent prophylaxis, where it becomes even less clear when bleed treatment ends and prophylaxis per se resumes.
Immune tolerance induction
All four of the reviewed studies considered alternative strategies for treating patients with inhibitors [21] [22] [23] [24] . These strategies included prophylaxis or on-demand treatment with a bypassing agent, low-and high-dose immune tolerance induction (ITI) regimens and ITI treatment based on risk assessment. While all the studies modelled treatments and outcomes over time, the reported time horizon varied between 1 and 1.5 years and a lifetime, often with no justification given for the time horizons chosen. All studies recognized patient population heterogeneity, noting that patients could be 'high risk' or 'low risk' of anamnestic response, but the extent to which patient heterogeneity could impact the cost-effectiveness of the various strategies was explored to differing degrees.
For bypassing therapy, little or no head-to-head clinical data compared the various treatment strategies particularly during ITI, and some synthesis of data from different sources was required. The various studies differed in the robustness of their literature reviews, which were not always systematic. Some of the uncertainties found in the literature on bypassing agents (e.g. doses required) also carry-over into the literature on ITI.
One additional feature of this body of literature is the use, in some studies, of QALYs as the main outcome for the economic evaluation. This is more consistent with the broader literature on economic evaluation and in keeping with many of the formal methods guidelines that exist in various jurisdictions.
In principle, this approach is relevant for many of the haemophilia treatment choices, as differences in bleeding frequency or the care setting are likely to impact patient QoL. However, the literature on utility values for people with haemophilia is itself quite limited, especially as many patients are children or adolescents. The generation of utility values for this patient population should be considered.
As observed in the literature on prophylaxis and bypassing therapy, various uncertainties in economic analyses of ITI exist. Extensive use of sensitivity analyses is therefore advisable in order to help the users of studies appreciate the impact these uncertainties have on the relative cost-effectiveness of therapies. Furthermore, estimates of the success rates of ITI fail to account for reoccurrence of inhibitors.
Other clinical topics in haemophilia
Six studies evaluating other haemophilia therapeutic options were identified, covering a wide range of topics: home-based care [28] , screening for intracranial haemorrhage in neonates with haemophilia [29] , high vs. standard initial doses of rFVIIa [30] , pd-aPCC vs. rFVIIa in haemophilia patients with inhibitors undergoing major orthopaedic surgeries [26] and major knee surgery with rFVIIa in patients with hightitre inhibitors [25] . The literature review also identified one other study on bypassing therapy, which is interesting in that it uses a pre-and post-treatment design, but only examines the impact of a single bypassing agent in three patients [27] . Because of the diversity of topics, these six studies were not analysed using the CHEERS checklist, but were assessed to determine whether they offered any other methodological insights. Three points merit more discussion.
First, a study of home-based care utilized a de novo survey of 105 patients to generate utility estimates of home-and hospital-based care [28] . Potential differences in convenience offered to patients and their families by different treatments is an important area [41] that deserves more attention in the published literature.
Second, in the study of rFVIIa in knee surgery [25] , utility values were generated using the EuroQoL 5-dimension, a generic utility instrument widely used across several therapeutic areas and favoured by some decision-makers [42] . However, this study was predominantly about knee surgery, not treatment of haemophilia per se, so the health state values generated may not have relevance to other economic evaluations in haemophilia.
Finally, the study comparing high and standard initial doses of rFVIIa used registries to collect data on the frequency of bleeds and the resulting treatment patterns [30] . While statistical adjustments were made for patient characteristics through multivariate analysis, this was restricted owing to the limited nature of the data recorded in the registry.
Future developments in treatments for haemophilia
There are several developments in haemophilia treatment for which no published economic evaluations were available at the time of this review. Extended half-life clotting factor products might change the way in which treatment is approached. Patients may be able to reduce injection frequency while maintaining high trough levels to protect against bleeds, particularly in the case of Factor IX. Therefore, the use of other resources, such as hospital and physician visits, could be reduced. Innovative molecules like monoclonal antibodies or FVIII mimetics can change the treatment paradigm with new mechanisms of action and easier methods of administration, such as subcutaneous injection. If successful, these alternatives may improve the treatment and lives of haemophilia patients, whereas gene therapy, when feasible, will remove the risk of bleeding completely. In order to justify the expected higher costs of these new therapies, the methods of economic evaluation need to be equal to the task of accurately assessing cost-effectiveness. In addition, expensive new health technologies (e.g. gene therapy) may require the development of new methods of reimbursement [43] , which will also need to be informed by economic evaluation.
Discussion
The existing literature on the economic evaluation of haemophilia treatments has several recurring methodological deficiencies. These include uncertainties about the relative efficacy of treatments, lack of clarity on the doses required or used in practice and the analysis of individual treatment episodes rather than whole therapeutic strategies, with inadequate description and analysis of treatment switches. Therefore, the results of most published studies are subject to considerable uncertainty and, without an extensive sensitivity analysis, the results should be treated with caution.
The first step to improvement is to ensure that studies are reported thoroughly and systematically, using the CHEERS reporting standard. This is imperative to allow the quality of the methods used to be judged and to identify key assumptions that impact the study results. For this reason, we excluded conference abstracts and posters from our review, as they do not allow enough space to explain methods thoroughly and therefore provide an inadequate basis for making treatment choices or reimbursement decisions.
In addition, it is necessary to develop some methodological standards for studies in haemophilia, based on the general methodological principles of economic evaluation [1] . We propose some aspirational standards in Table 3 that may not always be attainable. For example, whereas long-term studies are often desirable, they may not be possible if the treatment of interest has been only recently introduced, or if the main interest of decision-makers is short-term budgetary impact.
However, the implementation of these standards would improve the quality of the published literature, enabling a higher level of confidence in the study results and an understanding of the basis for competing claims. Given the difficulties in conducting definitive clinical studies, there will always be considerable uncertainties. Therefore, item no. 10 of our proposed standards, the characterization of uncertainty, is particularly important, as is item no. 12, which advocates discussing the main study limitations and why the results may differ from those of other published studies investigating the same treatment strategies.
Other items might be particularly important to a physician deciding on the choice of treatment for a particular patient. These could include item no. 7, concerning the assessment of health outcomes in QoL, and item no. 11, which deals with patient convenience and preferences and the broader impact the disease and its treatment has on families.
Conclusions
The growing literature on the economic evaluation of haemophilia treatments reflects increasing concerns about rising healthcare costs. Although the quality of reporting in studies is generally good, several recurring methodological weaknesses exist. Given that economic evaluations are likely to become more important as new treatments are developed, there is a need for improved methodological standards. By identifying examples of poor methodology, and offering suggestions for improvement, it is hoped that this paper will help to make studies more relevant and reliable for future treatment and reimbursement decisions.
